The specific hardness deviations of a Rockwell diamond indenter can be determined by a group standard, consisting of several indenters, using correction functions. In this paper the establishment of an HRC group standard in the PTB and comparative investigations of the group standards in the PTB and the calibration laboratory MPA NRW in Germany are reported. Above all the group standard is advantageous for maintaining the stability of the Rockwell hardness scales.
MOTIVATION
Rockwell tests are the most widely applied hardness tests in industry. Again, within the different standardized Rockwell hardness scales, the scales which are realized with diamond indenters (cone shape with a ball cap), like HRC, HRA and HRN, are of utmost importance for industrial practice. In the Rockwell tests using diamond indenters the geometrical and other specific deviations of the diamond indenter deliver the largest contribution to the measurement uncertainty. Although nowadays for the determination of the geometry of the Rockwell diamond indenters special interferometers, high resolution profilers and nanomeasuring machines can be applied, which generally have an uncertainty in the range from 10 nm to several 100 nm, the function test of the Rockwell diamond indenters reveals that the uncertainty can scarcely remain under ca. 0.3 HRC. Therefore additionally to the geometry determination by interferometery and coordinate measurements with a nanomeasuring machine the concept of a group standard is investigated. The idea of an group standard for Rockwell indenters was already theoretically elaborated by R.S. Marriner [1] and F. Petik [2] , but so far seldom applied.
2.INVESTIGATION OF A GROUP STANDARD OF
ROCKWELL DIAMOND INDENTERS 2.1.Selection criteria for the group standard and investigation plan 2.1.1.Selection criteria for the group standard The indenters for the group standard were selected according to the following criteria:
-Fulfilment of the geometrical deviations according to ISO 6508-3 (at least acc. to ISO 6508-2) [3] [4] -The mean value of the indenter deviations in different sections of the indenter height should also be near the normative value -The geometrical deviations of the indenters chosen for the group standard should be distributed symmetrically to the nominal value In Table 1 the geometrical deviations of four Rockwell diamond indenters chosen for the group standard of the HRC hardness scale are given. The curves of Fig. 1 show the indentation depth under the action of the preliminary test force (F 0 ) and of the total test force (F). From this diagram the parts of the indenter can be determined which participate in the indentation process. The acting indenter height is the largest for the hardness scale HRC, followed by the scales HRD and HRA. The section of the indenter which participates in the indentation under the action of the preliminary force ( F 0 = 98.06 N) is the smallest. Compared with the indentation depths at the hardness scales HRA, HRC and HRD, the indentation depths at the superficial hardness scales HR15N, HR30N, HR45N and the corresponding preliminary force (F 0 = 29.04 N) are less than one half.
In Table 2 the variation of the cone angle for different cone heights of several Rockwell indenters (from MPA NRW) and in Table 3 the corresponding variation of the ball cap radius is given. The variation of the cone angle in dependence on the cone height is based on the crown of the cone generatrix. In Table 4 the maximum variations of the mean ball cap are summarized for the indenter groups listed in Table 2 . Table 4 clarifies that the 2., 3. and the 4. indenter group have maximum radius variations < 2 µm, which are suited for group standard indenters.
From the investigation of indenters which can be included into a Rockwell indenter group standard the following can be stated: -The group standard can be used for the definition of all Rockwell scales. -The sections of the indenter which participate in the indentation process differ in dependence on the hardness scale and the hardness level. -The form deviations in the range of the ball cap can be well balanced. -Because the crown always appears in the same section of the cone, it cannot be compensated.
2.1.2.Investigation plan
At first the group standard for the HRC scale, as comprised in Table 1 Table 5 shows the hardness levels of the used hardness reference blocks for the mentioned hardness scales. Fig. 3 illustrates the homogeneity of the used hardness reference blocks, expressed by their variation coefficient, which was obtained each from 8 measurements. Fig. 3 clarifies that the variation coefficient increases with decreasing hardness, that is, with increasing indentation depth. Moreover, a certain dependence of the variation coefficient on the indenter can be observed. For instance, the variation coefficient for the indenters #838 and #839 is the smallest for most of the hardness levels. This can be due to differences in the friction coefficient of the indenters. Table 6 summarizes the mean values of each 8 hardness measurements obtained by the 4 indenters on the 6 hardness reference blocks. In Fig. 4 the hardness deviations of each indenter from the mean value of hardness received for the 4 indenters are depicted. 
3.3.
Comparison of the group standards of PTB and MPA NRW For the comparison of the group standards of both institutes at first a common indenter was used with which the same set of hardness referenced blocks on the hardness standard machines in PTB and MPA NRW was measured. In Table 7 these measurement results are summarized. The results in Tables 7 and 8 demonstrate that the differences for the measurement with the common indenter and after the correction of the specific indenter deviations amount to not more than 0.2 HRC. It should be underlined, that the correction functions depend on the composition of the group standard. This means that after the replacement of an indenter the correction functions must be determined anew, because their values will change by a small amount.
SUMMARY AND OUTLOOK
The specific hardness deviations of a Rockwell diamond indenter can be determined by a group standard with corrections functions which have remaining deviations of 0.02 HR for the scales HRA, HRC, HRD and remaining deviations of 0.07 HR for the scales HR15N, HR30N,  HR45N . Additionally interpolations deviations of the corrections functions of ca. 0.1 HR have to be considered. By the use of a group standard of indenters the measurement uncertainty for the reproduction of the Rockwell scales HRA, HRC, HRD can be reduced to 0.2 HR and for the reproduction of the Rockwell scales  HR15N, HR30N, HR45N to 0.25 HR. The most important advantage of the group standard of Rockwell diamond indenters lies in the fact that the stability of the Rockwell hardness scales, which depend sensitively on the diamond indenter, can be maintained safely. Present investigations in the PTB are focussed on the idea, based on geometrical measurements to determine area functions of Rockwell diamond indenters with coordinate measurements on a nanomeasuring machine having an uncertainty of only a few nanometers.
